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(57) ABSTRACT

A mouthpiece (150A) has an aerosol lead-out flow passage
(104), an aerosol lead-out opening (105), and exhalation dis-
charge openings (106). The lead-out flow passage (104)
includes a first flow passage (104A) extending upward, a
second flow passage (104B) extending obliquely forward
from the first flow passage (104A), and a corner flow passage
(104C) for connecting the first flow passage (104A) and sec-
ond flow passage (104B) of the lead-out flow passage (104).
The mouthpiece (150A) has a curvature portion (153) formed
by curving that portion of the first flow passage (104A) wall
surface which crosses the center line of the first flow passage
(104A). The exhalation discharge openings (106) are pro-
vided in a wall surface defining the second flow passage
(104B), at a position circumferentially displaced from the
wall surface portion at which the curvature portion (153) is
provided. In the mouthpiece and an inhaler with the mouth-
piece, although an exhalation valve and, in addition, an inha-
lation valve are eliminated, leakage of aerosol from a pressure
regulation opening and the exhalation opening is prevented
irrespective of usage manners.

5 Claims, 11 Drawing Sheets
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1
INHALER AND INHALER MOUTHPIECE

TECHNICAL FIELD

The present invention relates to an inhaler ejecting aerosol
generated in an aerosol generation portion through an aerosol
lead-out portion, and an inhaler mouthpiece for use in the
same as an aerosol lead-out portion.

BACKGROUND ART

An inhaler is an apparatus used for disinfection, treatment
and the like of bronchi and is in widespread use in medical
institutions and at home as treatment equipment for treating
respiratory disease such as bronchitis or asthma. In particular,
an inhaler ejecting atomized chemical solution for the treat-
ment purpose is called inhalation treatment equipment.

Inhalers may mainly be classified, according to the atomi-
zation principles, into three categories: compressor-type
inhalers, ultrasonic-type inhalers, and ultrasonic-mesh-type
inhalers. A compressor-type inhaler is an inhaler which gen-
erates spray particles by mixing liquid to be atomized into
compressed air delivered from a compressor and then causing
the compressed air including the liquid to impinge on a wall
called a baffleto scatter the liquid. A ultrasonic-type inhaleris
an inhaler which forms liquid into spray particles by driving
an ultrasonic element to apply high-frequency vibration to
liquid and using cavitation generated by this high-frequency
vibration. A ultrasonic-mesh-type inhaler is an inhaler which
forms spray particles by supplying liquid between a vibration
element and a mesh member arranged to oppose each other
and driving the vibration element in this state to provide
vibration to the liquid, allowing the liquid to pass through
holes provided in the mesh, thereby pulverizing the liquid.

An inhaler generally includes an apparatus body including
an aerosol generation portion and an aerosol lead-out portion.
The aerosol generation portion is a part that generates aerosol
by atomizing liquid into spray particles and applying this
spray particles to the introduced outside air. On the other
hand, the aerosol lead-out portion is a part that ejects the
generated aerosol to the oral cavity or nasal cavity of a user,
and employs a mouthpiece, a nosepiece, a mask or the like.

The aerosol generation portion is provided with a pressure
regulation opening for regulating the internal pressure inside
of aerosol (an auxiliary outside air introduction opening for
introducing the outside air into the apparatus body in an
auxiliary manner when a user performs an exhalation opera-
tion), and the aerosol lead-out portion is provided with an
aerosol lead-out opening for leading the generated aerosol
out. In addition, the aerosol lead-out portion is provided with
an exhalation discharge opening for discharging the breath
exhaled by the user to the outside. Usually, among these
openings provided for the apparatus body, the pressure regu-
lation opening and the exhalation discharge opening have
respective check valves attached thereto to close the respec-
tive openings. Each of these check valves is provided to allow
the user to breathe smoothly without suffocation and also to
inhale aerosol efficiently. The check valve provided for the
pressure regulation opening is generally called an inhalation
valve, and the check valve provided for the exhalation dis-
charge opening is generally called an exhalation valve.

There are mainly two usage manners as manners of using
an inhaler with a mouthpiece. In one of the usage manners, a
user puts a mouthpiece into the mouth, and this usage manner
is intended for users having relatively large vital capacity of
the lung. In this usage manner, the check valve function of the
aforementioned inhalation valve and exhalation valve advan-
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tageously allows the user to inhale the generated aerosol with
almost no loss. In the other usage manner, a user confronts a
mouthpiece to take in aerosol ejected from the mouthpiece
without putting the mouthpiece into the mouth, and this usage
manner is intended for users having relatively small vital
capacity of the lung. Although this usage manner disadvan-
tageously causes much loss of the generated aerosol as com-
pared with the aforementioned usage manner of putting the
mouthpiece into the mouth, it is an effective manner in that
even infants or elderly people having small vital capacity of
the lung can use inhalers relatively easily. Here, even in this
usage manner of not putting the mouthpiece into the mouth,
the generated aerosol can be ejected from the aerosol lead-out
opening with almost no loss, because of the check valve
function of an inhalation valve and an exhalation valve. How-
ever, since the user does not put the mouthpiece into the
mouth, all of the ejected aerosol is not taken in by the user, and
in this respect, the loss of aerosol is increased.

In designing inhalers, it is important to consider that aero-
sol can be inhaled efficiently by users, whichever of these
usage manners is employed. Nevertheless, from a hygiene
stand point, inhalers require cleaning and disinfection opera-
tions after use by disassembling the apparatus body, so that it
is also important to simplify the apparatus configuration as
much as possible to facilitate disassembly and assembly
operations. If the apparatus configuration can be simplified,
provision of inhalers at low costs become possible, accord-
ingly.

In particular, unlike the other components, the inhalation
valve and the exhalation valve are formed of flexible mem-
bers, are thus difficult to handle, and in addition, are likely to
be broken or lost during disassembly and assembly opera-
tions, and therefore their elimination is favorable. However,
with the mere elimination of the inhalation valve and/or the
exhalation valve, much precious aerosol leaks out from the
pressure regulation opening and the exhalation discharge
opening, thereby significantly reducing the inhalation effi-
ciency.

Then, an inhaler and an inhaler mouthpiece are known as
disclosed in Japanese Utility-Model Laying-Open No.
4-95046 (Patent Document 1) and Japanese Patent Laying-
Open No. 5-337183 (Patent Document 2), in which the appa-
ratus configuration is simplified by eliminating an exhalation
valve, while loss of aerosol (here, mainly, leakage of aerosol
from an exhalation discharge opening during inhalation)
which may be caused by eliminating an exhalation valve is
reduced as much as possible.

FIG. 21 is a longitudinal cross-sectional view of an inhaler
mouthpiece disclosed in the above-noted Patent Document 1,
and FIG. 22 is a front view as viewed from arrow XXII shown
in FIG. 21. As shown in FIG. 21 and FIG. 22, an inhaler
mouthpiece 250 disclosed in the above-noted Patent Docu-
ment 1 includes an inhalation portion 252 having openings at
opposite ends and an introduction portion 251 having an
opening at one end and communicating with an aerosol gen-
eration portion at the other end, and is structured such that
introduction portion 251 is inserted into inhalation portion
252 from the opening in such a manner that a part of the
opening at one end of inhalation portion 252 is open to the
outside.

This structure will be described in more detail. A lead-out
flow passage 204 extending from the aerosol generation por-
tion to aerosol lead-out opening 205 is constituted with a flow
passage portions 204A, 204C provided in introduction por-
tion 251 and a lower part of a flow passage portion 204B
provided in inhalation portion 252, and a discharge flow
passage extending from aerosol lead-out opening 205 to
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exhalation discharge opening 206 is constituted with an upper
part of flow passage portion 204B provided in inhalation
portion 252 and a flow passage portion 204E also provided in
inhalation portion 252. Then, a narrow portion 254 is pro-
vided at a part of introduction portion 251 such that the cross
section of flow passage portion 204C is smaller than the cross
section of flow passage portion 204A. In addition, an aerosol
outflow opening 255 which is a portion where aerosol flows
out from introduction portion 251 to inhalation portion 252 is
provided in inhalation portion 252, and an exhalation dis-
charge opening 206 is provided at an end portion of flow
passage portion 204E that is a portion positioned in a rear
direction from this aerosol outflow opening 255.

Because of such a configuration, as shown in FIG. 21, atthe
time of inhalation, aerosol passes through the lower side of
flow passage portion 204B provided in inhalation portion 251
to reach aerosol lead-out opening 205, and at the time of
exhalation discharge, exhalation passes through the upper
side of flow passage portion 204B provided in inhalation
portion 251 to reach exhalation discharge opening 206, so
that prevention of loss of aerosol and elimination of an exha-
lation valve are realized at the same time.

FIG. 23 is a longitudinal cross-sectional view of an inhaler
mouthpiece disclosed in the above-noted Patent Document 2.
As shown in FIG. 23, an inhaler mouthpiece 350 disclosed in
the above-noted Patent Document 2 includes a lead-out flow
passage 304 serving as an ejection flow passage for spray
particles which is separated by a partition wall 354 provided
inside thereof, and a discharge flow passage serving as a
release flow passage for backflow. L.ead-out flow passage 304
is formed to extend from an opening at one end that commu-
nicates with an aerosol generation portion to aerosol lead-out
opening 305 which is an opening at the other end, and the
discharge flow passage is formed to extend from aerosol
lead-out opening 305 to exhalation discharge opening 306.

This structure will be described in more detail. Lead-out
flow passage 304 extending from the aerosol generation por-
tion to aerosol lead-out opening 305 is configured with a first
flow passage portion 304A provided in a lower-side tubular
portion 351 extending upward from the aerosol generation
portion, a lower part of a second flow passage portion 304B
provided in an upper-side tubular portion 352 extending
obliquely forward to reach aerosol lead-out opening 305, and
a corner flow passage portion 304C connecting these first
flow passage portion 304A and second flow passage portion
304B with each other, and the discharge flow passage extend-
ing from aerosol lead-out opening 305 to exhalation dis-
charge opening 306 is constituted with an upper part of sec-
ond flow passage portion 304B provided in upper-side tubular
portion 352 and a flow passage portion 304E also provided in
upper-side tubular portion 352. Then, a narrow portion is
formed by partition wall 354 such that the cross section of
corner flow passage portion 304C is smaller than the cross
section of flow passage portion 304A. In addition, an aerosol
outtlow opening 355, which is a part where aerosol flows out
from this narrow portion to second flow passage portion
304B, is provided in upper-side tubular portion 352, and an
exhalation discharge opening 306 is provided in flow passage
portion 304E positioned in a rear direction from this aerosol
outtlow portion 355.

Because of such a configuration, as shown in FIG. 23, atthe
time of inhalation, aerosol passes through the lower side of
second flow passage portion 304B provided in upper-side
tubular portion 352 to reach aerosol lead-out opening 305,
and at the time of exhalation discharge, exhalation passes
through the upper side of second flow passage portion 304B
provided in upper-side tubular portion 352 to reach exhala-
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tion discharge opening 306, so that prevention of loss of

aerosol and elimination of an exhalation valve are realized at

the same time.

Patent Document 1: Japanese Utility-Model Laying-Open
No. 4-95046

Patent Document 2: Japanese Patent Laying-Open No.
5-337183

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

The structures of inhaler mouthpieces disclosed in the
above-noted Patent Documents 1 and 2 are both designed on
the precondition that they are used for ultrasonic-type or
ultrasonic-mesh-type inhalers. Therefore, if the inhaler
mouthpiece having the structure described above is applied to
acompressor-type inhaler as it is, it cannot be said the mouth-
piece has a suitable shape, and the following problems are
likely to arise.

The first problem is leakage of aerosol from an exhalation
discharge opening at the time of inhalation. The ejection
amount of aerosol in a compressor-type inhaler, that is, the
quantity of aerosol flow supplied from the aerosol generation
portion into the mouthpiece is as considerably small as a
fraction of several to several tens of that of the ultrasonic-type
or ultrasonic-mesh-type inhaler. Thus, in the case of usage
manner in which the user does not put the mouthpiece into the
mouth, part of aerosol flows into the discharge flow passage
without being ejected from the aerosol lead-out opening and
is left leaking out from the exhalation discharge opening.
Accordingly, aerosol is wasted and the inhalation efficiency is
considerably reduced.

The second problem is a size increase of the mouthpiece. In
the inhaler mouthpieces disclosed in the above-noted Patent
Documents 1 and 2, the opening cross section of the aerosol
outflow opening is narrowed in order to prevent exhalation
introduced into the mouthpiece from intruding into the aero-
sol generation portion, and the length of the narrow portion is
increased to some extent to increase the flow resistance at that
part, thereby preventing backflow of exhalation to the aerosol
generation portion. Therefore, since it is essential to design a
longer narrow portion, the length of the mouthpiece is disad-
vantageously increased.

If the length of the mouthpiece is increased, aerosol is in
contact with the wall surface for a longer time, and therefore
spray particles included in the acrosol is liquefied, leading to
reduced inhalation efficiency. In particular, when the inhaler
mouthpieces disclosed in the above-noted Patent Documents
1 and 2 are applied to compressor-type inhalers, partly
because the flow rate of aerosol is slow as compared with a
ultrasonic-type or ultrasonic-mesh-type inhaler, aerosol is in
contact with the wall surface for a longer time at the afore-
mentioned long narrow portion, and liquefaction of spray
particles is noticeable at this narrow portion thereby signifi-
cantly reducing the inhalation efficiency.

Moreover, in the inhaler mouthpieces disclosed in the
above-noted Patent Documents 1 and 2, the lead-out flow
passage and the discharge flow passage are stacked one above
another by dividing the lead-out flow passage and the dis-
charge-flow passage by a spacer wall. Thus, when the cross
sections of the lead-out flow passage and the discharge-tflow
passage are increased in order to secure the sufficient amount
of'ejected aerosol and discharged exhalation, the mouthpiece
is increased in size upwardly and downwardly. Therefore, the
resulting shape is hardly fitted for the mouth.
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As described above, there is a strong demand in an inhaler
for eliminating an exhalation valve and in addition, an inha-
lation valve. However, because of the aforementioned prob-
lems, in inhalers excluding part of ultrasonic-type and ultra-
sonic-mesh-type inhalers, actually, exhalation valves and in
addition inhalation valves have not yet been eliminated in
terms of inhalation efficiency. In part of ultrasonic-type and
ultrasonic-mesh-type inhalers from which exhalation valves
are eliminated, leakage of aerosol may occur in the usage
manner in which the user does not put the mouthpiece into the
mouth.

The present invention is therefore made to solve the afore-
mentioned problems and aims to provide an inhaler and an
inhaler mouthpiece in which the apparatus is not increased in
size even when the conventionally required exhalation valve
orinaddition an inhalation valve is eliminated, and leakage of
aerosol from a pressure regulation opening or an exhalation
discharge opening can be prevented efficiently, irrespective of
usage manners.

Means for Solving the Problems

An inhaler based on a first aspect of the prevent invention
generates aerosol inside an apparatus body and supply the
aerosol to outside of the apparatus body to allow a user to
inhale the aerosol. The apparatus body includes an aerosol
generation portion and an aerosol lead-out portion. The aero-
sol generation portion includes a reservoir portion storing
liquid and an atomization portion atomizing liquid stored in
the reservoir portion into spray particles and applying the
atomized spray particles to outside air introduced into the
apparatus body. The aerosol lead-out portion includes an
aerosol lead-out opening leading the generated aerosol to
outside of the apparatus body, a lead-out flow passage guiding
the generated aerosol from the aerosol generation portion to
the aerosol lead-out opening, and an exhalation discharge
opening for discharging exhalation of the user introduced
from the aerosol lead-out opening to the lead-out flow pas-
sage. The lead-out flow passage includes a first flow passage
portion extending from the aerosol generation portion in a
first direction, a second flow passage portion extending in a
second direction that crosses the first direction to reach the
aerosol lead-out opening, and a corner flow passage portion
joining the first flow passage portion and the second flow
passage portion to each other. The acrosol lead-out portion at
a part that defines the corner flow passage portion has a
curvature portion formed by curving that wall surface which
crosses a center line of the first flow passage portion. The
exhalation discharge opening is provided on a wall surface at
a position that is circumferentially displaced from that wall
surface of the aerosol lead-out portion on which the curvature
portion is provided and that defines the second flow passage
portion. Here, “a wall surface at a position circumferentially
displaced from that wall surface on which the curvature por-
tion is provided” means a wall surface, of the wall surface of
the lead-out flow passage formed to surround the center axis
of'the second flow passage portion, that is a part not including
that wall surface of the lead-out flow passage on which the
curvature portion is provided.

In this manner, the curvature portion is provided at a pre-
scribed position of the aerosol lead-out portion at a part that
defines the corner flow passage portion positioned between
the first flow passage portion and the second flow passage
portion, so that, at a time of inhalation, it becomes possible
that aerosol flowing through the first flow passage portion is
smoothly guided to the second flow passage portion, and the
airflow of aerosol is collected on the wall surface side on
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which the curvature portion is provided, and is then guided to
the second flow passage portion. Therefore, by providing the
exhalation discharge opening on the wall surface at a position
circumferentially displaced from that wall surface on which
the curvature portion is formed, leakage of aerosol from the
exhalation discharge opening can effectively be prevented.
On the other hand, at a time of exhalation discharge, exhala-
tion is smoothly discharged from the exhalation discharge
opening, so that leakage of aerosol from the exhalation dis-
charge opening can be prevented, irrespective of usage man-
ners. Accordingly, the inhalation efficiency can be kept high
even without provision of an exhalation valve at the exhala-
tion discharge opening, thereby reducing the number of com-
ponents to drastically improve the operability in the cleaning
and disinfection operations. In addition, the manufacturing
costs can significantly be reduced. Furthermore, there is no
particular need for providing a narrow portion in the flow
passage, and there is no need for providing a discharge flow
passage for exhalation discharge, besides the lead-out flow
passage for aerosol, thereby possibly reducing the size of the
aerosol lead-out portion. Moreover, exhalation flowing into
the lead-out flow passage can effectively be discharged from
the exhalation discharge opening, so that the necessity to
provide an inhalation valve at the pressure regulation opening
provided in the aerosol generation portion is reduced, thereby
allowing elimination of the inhalation valve.

In the inhaler based on the first aspect of the present inven-
tion as described above, preferably, the exhalation discharge
opening is provided at a position closer to the corner flow
passage portion of the aerosol lead-out portion in a part that
defines the second flow passage portion.

The aerosol flowing through the first flow passage portion
is collected on that wall surface side on which the curvature
portion is provided, in particular, in a part closer to the corner
flow passage portion of the second flow passage portion, so
that leakage of aerosol from the exhalation discharge opening
can reliably be prevented by providing the exhalation dis-
charge opening closer to the corner flow passage portion of
the aerosol lead-out portion in a part that defines the second
flow passage portion, as described above.

In the inhaler based on the first aspect of the present inven-
tion as described above, preferably, the aerosol lead-out por-
tion has a narrow portion, at a position where the exhalation
discharge opening is provided, for reducing a cross section of
the second flow passage portion toward the aerosol lead-out
opening. In this case, preferably, the narrow portion is posi-
tioned on an inner side than the exhalation discharge opening
in a part of the aerosol lead-out portion where the exhalation
discharge opening is provided.

Because of such a configuration, the narrow portion allows
the airflow of aerosol to be collected at the radially central
position of the second flow passage portion, thereby allowing
the airflow of aerosol to be kept away from the exhalation
discharge opening and effectively preventing leakage of aero-
sol from the exhalation discharge opening.

In the inhaler based on the first aspect of the present inven-
tion as described above, preferably, the curvature portion has
a dome-like shape. In this case, preferably, the narrow portion
is formed of a part of the dome-shaped curvature portion.

Because of such a configuration, the curvature portion and
the narrow portion are integrally formed in the dome-shaped
portion, so that smooth lead-out of aerosol and discharge of
exhalation can be realized without complicating the shape of
the lead-out flow passage more than necessary.

In the inhaler based on the first aspect of the present inven-
tion as described above, preferably, a pair of the exhalation
discharge openings is provided in the aerosol lead-out portion
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at positions between which a plane including a center line of
the first flow passage portion and a center line of the second
flow passage portion is sandwiched.

Because of such a configuration, alarge opening area of the
exhalation discharge opening can be secured, thereby ensur-
ing a large amount of exhalation discharge and realizing
reliable discharge of exhalation.

An inhaler based on a second aspect of the present inven-
tion generates aerosol inside an apparatus body and supply
the aerosol to outside of the apparatus body to allow a user to
inhale the aerosol. The apparatus body includes an aerosol
generation portion and an aerosol lead-out portion. The aero-
sol generation portion includes a reservoir portion storing
liquid and an atomization portion atomizing liquid stored in
the reservoir portion into spray particles and applying the
atomized spray particles to outside air introduced into the
apparatus body. The aerosol lead-out portion includes an
aerosol lead-out opening leading the generated aerosol to
outside of the apparatus body, a lead-out flow passage guiding
the generated aerosol from the aerosol generation portion to
the aerosol lead-out opening, and an exhalation discharge
opening for discharging exhalation of the user introduced
from the aerosol lead-out opening to the lead-out flow pas-
sage. The aerosol lead-out portion at a part that defines the
lead-out flow passage has a narrow portion, at a position
where the exhalation discharge opening is provided, for
reducing a cross section of the lead-out flow passage toward
the aerosol lead-out opening. The narrow portion is posi-
tioned on an inner side than the exhalation discharge opening,
in a part of the aerosol lead-out portion where the exhalation
discharge opening is provided.

In this manner, the narrow portion is provided in the acrosol
lead-out portion at a part where the exhalation discharge
opening is provided, so that, at a time of inhalation, the
airflow of aerosol can be collected at the radially central
position of the second flow passage portion, thereby allowing
the airflow of aerosol to be kept away from the exhalation
discharge opening and effectively preventing leakage of aero-
sol from the exhalation discharge opening. On the other hand,
at a time of exhalation discharge, exhalation is smoothly
discharged from the exhalation discharge opening, so that
leakage of aerosol from the exhalation discharge opening can
be prevented, irrespective of usage manners. Accordingly, the
inhalation efficiency can be kept high even without provision
of an exhalation valve at the exhalation discharge opening,
thereby reducing the number of components to drastically
improve the operability in the cleaning and disinfection
operations. In addition, the manufacturing costs can signifi-
cantly be reduced. Furthermore, there is no particular need for
providing a long narrow portion in the flow passage, and there
is no need for providing a discharge flow passage for exhala-
tion discharge, besides the lead-out flow passage for aerosol,
thereby possibly reducing the size of the aerosol lead-out
portion. Moreover, exhalation flowing into the lead-out flow
passage can effectively be discharged from the exhalation
discharge opening, so that the necessity to provide an inhala-
tion valve at the pressure regulation opening provided in the
aerosol generation portion is reduced, thereby allowing elimi-
nation of the inhalation valve.

In the inhaler based on the first and second aspects of the
present invention as described above, the aerosol generation
portion may further include a pressure regulation opening for
regulating an internal pressure of the apparatus body. In such
a case, preferably, a passage at a part extending from the
pressure regulation opening to the atomization portion has its
cross section reduced so that flow resistance is higher at a
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particular part than at other parts of the passage, and includes
a labyrinth-like part bent at least once.

In this manner, the shape of the passage extending from the
pressure regulation opening to the atomization portion is
complicated, so that the flow resistance can be set high at that
part, thereby more reliably preventing leakage of aerosol
from the pressure regulation opening. Therefore, leakage of
aerosol due to elimination of an inhalation valve can be pre-
vented more reliably.

In the inhaler based on the first and second aspects of the
present invention as described above, preferably, the aerosol
lead-out portion is removably attached to the aerosol genera-
tion portion.

Because of such a configuration, the handling ease in the
cleaning and disinfection operations is improved, resulting in
a hygienically excellent inhaler.

An inhaler mouthpiece based on a first aspect of the present
invention is removably attached to an aerosol generation por-
tion of an inhaler for leading aerosol generated in the aerosol
generation portion to outside of the aerosol generation por-
tion, and includes: an aerosol lead-out opening leading aero-
sol generated in the aerosol generation portion to outside; a
lead-out flow passage guiding the generated aerosol from the
aerosol generation portion to the aerosol lead-out opening;
and an exhalation discharge opening for discharging exhala-
tion of a user introduced from the aerosol lead-out opening to
the lead-out flow passage. The lead-out flow passage includes
a first flow passage portion extending from the aerosol gen-
eration portion in a first direction, a second flow passage
portion extending in a second direction that crosses the first
direction to reach the aerosol lead-out opening, and a corner
flow passage portion joining the first flow passage portion and
the second flow passage portion to each other. A curvature
portion is provided at a part that defines the corner flow
passage portion by curving that wall surface which crosses a
center line of the first flow passage portion. The exhalation
discharge opening is provided on a wall surface at a position
circumferentially displaced from that wall surface on which
the curvature portion is provided and that defines the second
flow passage portion. Here, “a wall surface at a position
circumferentially displaced from that wall surface on which
the curvature portion is provided” means a wall surface, of the
wall surface of the lead-out flow passage formed to surround
the center axis of the second flow passage portion, that is a
part not including that wall surface of the lead-out flow pas-
sage on which the curvature portion is provided.

In this manner, the curvature portion is provided at a pre-
scribed position of a part that defines the corner flow passage
portion positioned between the first flow passage portion and
the second flow passage portion, so that, at a time of inhala-
tion, it becomes possible that aerosol flowing through the first
flow passage portion is smoothly guided to the second flow
passage portion, and the airflow of acrosol is collected on that
wall surface side on which the curvature portion is provided,
and is then guided to the second flow passage portion. There-
fore, by providing the exhalation discharge opening on the
wall surface at a position circumferentially displaced from
that wall surface on which the curvature portion is formed,
leakage of aerosol from the exhalation discharge opening can
effectively be prevented. On the other hand, at a time of
exhalation discharge, exhalation is smoothly discharged from
the exhalation discharge opening, so that leakage of aerosol
from the exhalation discharge opening can be prevented, irre-
spective of usage manners. Accordingly, the inhalation effi-
ciency can be kept high even without provision of an exhala-
tion valve at the exhalation discharge opening, thereby
reducing the number of components to drastically improve
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the operability in the cleaning and disinfection operations. In
addition, the manufacturing costs can significantly be
reduced. Furthermore, there is no particular need for provid-
ing a narrow portion in the flow passage, and there is no need
for providing a discharge flow passage for exhalation dis-
charge, besides the lead-out flow passage for aerosol, thereby
possibly reducing the size of the inhaler mouthpiece.

In the inhaler mouthpiece based on the first aspect of the
present invention as described above, preferably, the exhala-
tion discharge opening is provided at a position closer to the
corner flow passage portion in a part that defines the second
flow passage portion.

The aerosol flowing through the first flow passage portion
is collected on that wall surface side on which the curvature
portion is provided, in particular, in a part closer to the corner
flow passage portion of the second flow passage portion, so
that leakage of aerosol from the exhalation discharge opening
can reliably be prevented by providing the exhalation dis-
charge opening closer to the corner flow passage portion in a
part that defines the second flow passage portion, as described
above.

In the inhaler mouthpiece based on the first aspect of the
present invention as described above, preferably, a narrow
portion is provided at a position where the exhalation dis-
charge opening is provided, for reducing a cross section of the
second flow passage portion toward the aerosol lead-out
opening. In this case, the narrow portion is positioned on an
inner side than the exhalation discharge opening, in a part
where the exhalation discharge opening is provided.

Because of such a configuration, the narrow portion allows
the airflow of aerosol to be collected at the radially central
position of the second flow passage portion, thereby allowing
the airflow of aerosol to be kept away from the exhalation
discharge opening and effectively preventing leakage of aero-
sol from the exhalation discharge opening.

In the inhaler mouthpiece based on the first aspect of the
present invention as described above, preferably, the curva-
ture portion has a dome-like shape. In this case, preferably,
the narrow portion is formed of a part of dome-shaped cur-
vature portion.

Because of such a configuration, the curvature portion and
the narrow portion are integrally formed in the dome-shaped
portion, so that smooth lead-out of aerosol and discharge of
exhalation can be realized without complicating the shape of
the lead-out flow passage more than necessary.

In the inhaler mouthpiece based on the first aspect of the
present invention as described above, preferably, a pair of the
exhalation discharge openings is provided at positions
between which a plane including a center line of the first flow
passage portion and a center line of the second flow passage
portion is sandwiched.

Because of such a configuration, alarge opening area of the
exhalation discharge opening can be secured, thereby ensur-
ing a large amount of exhalation discharge and realizing
reliable discharge of exhalation.

An inhaler mouthpiece based on a second aspect of the
present invention is removably attached to an acrosol genera-
tion portion of an inhaler for leading aerosol generated inside
the aerosol generation portion to outside of the aerosol gen-
eration portion, and includes: an aerosol lead-out opening
leading aerosol generated in the aerosol generation portion to
outside; a lead-out flow passage guiding the generated acrosol
from the aerosol generation portion to the aerosol lead-out
opening; and an exhalation discharge opening for discharging
exhalation of a user introduced from the aerosol lead-out
opening to the lead-out flow passage. Then, a narrow portion
is provided at a position where the exhalation discharge open-
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ing is provided, for reducing a cross section of the lead-out
flow passage toward the aerosol lead-out opening. The nar-
row portion is positioned on an inner side than the exhalation
discharge opening, in a part where the exhalation discharge
opening is provided.

In this manner, the narrow portion is provided at a part
where the exhalation discharge opening is provided, so that,
at a time of inhalation, the airflow of aerosol can be collected
at the radially central position of the second flow passage
portion, thereby allowing the airflow of aerosol to be kept
away from the exhalation discharge opening and effectively
preventing leakage of aerosol from the exhalation discharge
opening. On the other hand, at a time of exhalation discharge,
exhalation is smoothly discharged from the exhalation dis-
charge opening, so that leakage of'aerosol from the exhalation
discharge opening can be prevented, irrespective of usage
manners. Accordingly, the inhalation efficiency can be kept
high even without provision of an exhalation valve at the
exhalation discharge opening, thereby reducing the number
of components to drastically improve the operability in the
cleaning and disinfection operations. In addition, the manu-
facturing costs can significantly be reduced. Furthermore,
there is no particular need for providing a long narrow portion
in the flow passage, and there is no need for providing a
discharge flow passage for exhalation discharge, besides the
lead-out flow passage for aerosol, thereby possibly reducing
the size of the aerosol lead-out portion. Moreover, exhalation
flowing into the lead-out flow passage can effectively be
discharged from the exhalation discharge opening, so that the
necessity to provide an inhalation valve at the pressure regu-
lation opening provided in the aerosol generation portion is
reduced, thereby allowing elimination of the inhalation valve.

Effects of the Invention

In accordance with the present invention, it is possible to
eliminate an exhalation valve or in addition an inhalation
valve in an inhaler, and it is possible to eliminate an exhala-
tion valve in an inhaler mouthpiece. Even in such a case,
leakage of aerosol from a pressure regulation opening or an
exhalation discharge opening can effectively be prevented
without increasing the size of the inhaler and the inhaler
mouthpiece and irrespective of usage manners.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an external view showing an apparatus configu-
ration of an inhaler in a first embodiment of the present
invention.

FIG. 2A is a side view showing a structure of a nebulizer of
the inhaler in the first embodiment of the present invention.

FIG. 2B is a front view showing the structure of the nebu-
lizer of the inhaler in the first embodiment of the present
invention.

FIG. 3 is an exploded perspective view showing a construc-
tion structure of the nebulizer in the first embodiment of the
present invention.

FIG. 4 is a cross-sectional view of the nebulizer of the
inhaler in the first embodiment of the present invention.

FIG. 5 is a perspective view of an inhaler mouthpiece in the
first embodiment of the present invention.

FIG. 6 is a bottom view of the inhaler mouthpiece in the
first embodiment of the present invention.

FIG. 7 is a perspective view of the inhaler mouthpiece in
the first embodiment of the present invention.

FIG. 8 is a cross-sectional view of the inhaler mouthpiece
in the first embodiment of the present invention.



US 9,205,206 B2

11

FIG. 9 is a cross-sectional view of the inhaler mouthpiece
in the first embodiment of the present invention.

FIG. 10 is a cross-sectional view of the inhaler mouthpiece
in the first embodiment of the present invention.

FIG. 11A is an illustration showing an airflow at a time of
inhalation in the inhaler mouthpiece in the first embodiment
of the present invention.

FIG. 11B is an illustration showing an airflow at a time of
inhalation in the inhaler mouthpiece in the first embodiment
of the present invention.

FIG. 11C is an illustration showing an airflow at a time of
inhalation in the inhaler mouthpiece in the first embodiment
of the present invention.

FIG. 12 is an illustration showing an airflow at a time of
exhalation discharge in the inhaler mouthpiece in the first
embodiment of the present invention.

FIG. 13 is a cross-sectional view of the inhaler mouthpiece
in the first embodiment of the present invention.

FIG. 14 is a perspective view of the inhaler mouthpiece in
a second embodiment of the present invention.

FIG. 15 is an illustration showing an airflow at a time of
inhalation in the inhaler mouthpiece in the second embodi-
ment of the present invention.

FIG. 16 is an illustration showing an airflow at a time of
exhalation discharge in the inhaler mouthpiece in the second
embodiment of the present invention.

FIG. 17 is a perspective view of the inhaler mouthpiece in
a third embodiment of the present invention.

FIG. 18 is a cross-sectional view of the inhaler mouthpiece
in the third embodiment of the present invention.

FIG. 19 is an illustration showing an airflow at a time of
inhalation in the inhaler mouthpiece in the third embodiment
of the present invention.

FIG. 20 is an illustration showing an airflow at a time of
exhalation discharge in the inhaler mouthpiece in the third
embodiment of the present invention.

FIG. 21 is a longitudinal cross-sectional view of an exem-
plary configuration of a conventional inhaler mouthpiece.

FIG. 22 is a front view of the inhaler mouthpiece shown in
FIG. 21.

FIG. 23 is a longitudinal cross-sectional view of another
exemplary configuration of a conventional inhaler mouth-
piece.

DESCRIPTION OF THE REFERENCE SIGNS

1 inhaler, 10 compressor, 20 tube, 30 liquid, 100 nebulizer,
101 pressure regulation opening, 102 introduction flow pas-
sage, 103 aerosol transfer flow passage, 104 lead-out flow
passage, 104 A first flow passage portion, 104B second flow
passage portion, 104C corner flow passage portion, 105 aero-
sol lead-out opening, 106 exhalation discharge opening, 110
case body, 114 compressed air introduction pipe portion, 116
reservoir portion, 118 mark, 119 engagement concave por-
tion, 120 atomization portion forming body, 122 baffle, 124
inhaled liquid pipe forming portion, 130 flow passage form-
ing body, 132 connection portion, 133 opening portion, 134
inhalation pipe portion, 138 mark, 139 engagement convex
portion, 140 cap body, 141 outer circumferential surface, 142
concave portion, 150A-150C mouthpiece, 151 lower-side
tubular portion, 152 upper-side tubular portion, 153 curvature
portion, 154 narrow portion, 155 aerosol outflow opening.
Best Modes for Carrying out the Invention

Inthe following, embodiments of the present invention will
be described in detail with reference to the figures. It is noted
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that in the embodiments illustrated below, a compressor-type
inhaler will be described as an illustrative example of an
inhaler.

(First Embodiment)

FIG. 1 is an external view showing an apparatus configu-
ration of an inhaler in a first embodiment of the present
invention. As shown in FIG. 1, an inhaler 1 in this embodi-
ment includes a compressor 10, a tube 20, and a nebulizer 100
as an apparatus body. Compressor 10 is connected to nebu-
lizer 100 through tube 20 having flexibility, and compressed
air is sent to nebulizer 100 through this tube 20.

FIG. 2A and FIG. 2B are views showing the detailed struc-
ture of the nebulizer of the inhaler shown in FIG. 1, where
FIG. 2A is a side view and FIG. 2B is a front view. FIG. 3 is
an exploded perspective view showing a construction struc-
ture of the nebulizer shown in FIG. 2A and FIG. 2B. As shown
in FIG. 2A, FIG. 2B and FIG. 3, nebulizer 100 includes a case
body 110, an atomization portion forming body 120, a flow
passage forming body 130, a cap body 140, and a mouthpiece
150A. Among these, case body 110, atomization portion
forming body 120, flow passage forming body 130, and cap
body 140 constitute an aerosol generation portion which gen-
erates aerosol by atomizing liquid into spray-like particles
and applying the spray particles to the introduced outside air.
Mouthpiece 150A forms an aerosol lead-out portion which
ejects the generated aerosol to the oral cavity or nasal cavity
of the user.

Case body 110 has a cylindrical shape with a bottom part,
and atomization portion forming body 120 is accommodated
and arranged inside this case body 110. Flow passage forming
body 130 is attached on the top of case body 110 to close the
top-face opening of case body 110. Cap body 140 is attached
to flow passage forming body 130 to cover an opening pro-
vided on the top face of flow passage forming body 130.
Mouthpiece 150A is removably attached to a connection por-
tion 132 provided on the top of flow passage forming body
130. It is noted that case body 110, atomization portion form-
ing body 120, flow passage forming body 130, cap body 140,
and mouthpiece 150A can be disassembled and assembled
from/to each other to facilitate cleaning, disinfection and the
like after the use of inhaler 1.

As shown in FIG. 3, at a prescribed position of the upper
part of the inner circumferential surface of case body 110, an
engagement concave portion 119 is formed by providing a
groove, and at a prescribed position of the lower part of the
outer circumferential surface of flow passage forming body
130, an engagement convex portion 139 is formed by provid-
ing a projection. These engagement concave portion 119 and
engagement convex portion 139 form an engagement portion
in attaching flow passage forming body 130 to case body 110.

As shown in FIG. 2A, FIG. 2B and FIG. 3, a mark 118 is
provided at a prescribed position of the upper part of the outer
circumferential surface of case body 110, and a mark 138 is
provided at a prescribed position of the lower part of the outer
circumferential surface of flow passage forming body 130.
These marks 118, 138 are indicators showing an attachment
position of flow passage forming body 130 to case body 110,
so that flow passage forming portion 130 is attached to case
body 110 such that mark 118 and mark 138 face each other, in
assembly.

As shown in FIG. 3, atomization portion forming body 120
includes a baffle 122 and an inhaled liquid pipe forming
portion 124. Baffle 122 has a cylindrical shape, and inhaled
liquid pipe forming portion 124 is formed of a conical tubular
body having an opening at a tip end thereof. Inhaled liquid
pipe forming portion 124 has its tip end facing the lower end
of baffle 122.
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Flow passage forming body 130 includes a connection
portion 132, an opening portion 133, and an inhalation pipe
portion 134. Connection portion 132 is a part to which mouth-
piece 150A is connected, as described above, and is projected
upward at a prescribed position of the upper part of flow
passage forming body 130. Opening portion 133 is a part in
which the lower part of cap body 140 is fitted, and is provided
at a prescribed position of the top face of flow passage form-
ing body 130. Inhalation pipe portion 134 is a part for guiding
the outside air introduced from a pressure regulation opening
101 (see FIG. 2A and FIG. 2B) as described later into an
atomization portion as described later and is projected down-
ward at a prescribed position of the lower part of flow passage
forming body 130.

Ata prescribed position of an outer circumferential surface
141 of cap body 140, a concave portion 142 is provided. The
lower part of this concave portion 142 is arranged to face the
inner circumferential surface of flow passage forming body
130 in a state where cap body 140 is attached to flow passage
forming body 130, whereby a gap between outer circumfer-
ential surface 141 of cap body 140 and the inner circumfer-
ential surface of flow passage forming body 130 forms pres-
sure regulation opening 101.

As shown in FIG. 2A, FIG. 2B and FIG. 3, mouthpiece
150A is formed of a tubular member bent at an approximately
middle portion thereof, and a lead-out flow passage 104 (see
FIG. 4) as described later is provided inside. At the tip end of
mouthpiece 150A, an aerosol lead-out opening 105 is pro-
vided for ejecting aerosol. In addition, at prescribed positions
of the opposite side surfaces of mouthpiece 150A, a pair of
exhalation discharge openings 106 is provided for discharg-
ing exhalation. It is noted that the detailed shape of mouth-
piece 150 A will be described later.

FIG. 4 is a cross-sectional view taken along line IV-IV
shown in FIG. 2B, of the nebulizer of the inhaler in the present
embodiment. In the following, referring to FIG. 4, an internal
structure of nebulizer 100 in the present embodiment and an
airflow formed therein will be described in detail.

As shown in FIG. 4, at the bottom face of case body 110, a
compressed air introduction pipe portion 114 is disposed to
extend upward and downward for introducing compressed air
sent from compressor 10 to the inside of case body 110. The
aforementioned tube 20 is attached to the lower tip end por-
tion of compressed air introduction pipe portion 114. The
upper tip end portion of compressed air introduction pipe
portion 114 is formed in a tapered shape and faces baffle 122
of atomization portion forming body 120. In addition, around
the portion of case body 110 in which compressed air intro-
duction pipe portion 114 is formed, a reservoir portion 116 is
provided. This reservoir portion 116 temporarily stores liquid
30 such as water, saline solution or chemical solution.

Atthe upper tip end portion of compressed air introduction
pipe portion 114, inhaled liquid pipe forming portion 124 of
atomization portion forming body 120 is arranged from above
to face thereto. The inner circumferential surface of this
inhaled liquid pipe forming portion 124 is arranged to be
positioned at a prescribed distance from the outer circumfer-
ential surface of compressed air introduction pipe portion 114
and the lower end thereof reaches the vicinity of the bottom
surface of the aforementioned reservoir portion 116. The gap
between inhaled liquid pipe forming portion 124 and com-
pressed air introduction pipe portion 114 forms an inhaled
liquid pipe, and the action of negative pressure produced by
blowing compressed air as described later causes liquid 30
stored in reservoir portion 116 to reach the vicinity of the
atomization portion as described later.
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The atomization portion is formed between the upper tip
end portion of compressed air introduction pipe portion 114
as described above and baffle 122. In this atomization portion,
compressed air introduced to compressed air introduction
pipe portion 114 by compressor 10 is sprayed toward baffle
122 from the upper tip end portion of compressed air intro-
duction pipe portion 114. At that time, liquid 30 sucked up to
the vicinity of the atomization portion by the action of nega-
tive pressure produced in the atomization portion blows up to
the atomization portion by the action of the aforementioned
negative pressure and is sprayed toward baftle 122 together
with compressed air. By means of this action, liquid 30
impinges on baffle 122 to become fine droplets and then spray
particles, and the spray particles are applied to the outside air
(including the outside air introduced by compressor 10 and
the outside air introduced from pressure regulation opening
101 based on the user’s exhalation operation) introduced into
case body 110 to generate acrosol.

Above atomization portion forming body 120, flow pas-
sage forming body 130 is positioned and arranged. This flow
passage forming body 130 partitions the space inside case
body 110 to form a flow passage in which airflow flows. More
specifically, the space inside case body 110 is partitioned into
a central portion and a peripheral portion by an inhalation
pipe portion 134 provided to the lower part of flow passage
forming body 130, and the central portion forms an introduc-
tion flow passage 102 and the peripheral portion forms an
aerosol transfer flow passage 103. Introduction flow passage
102 is a flow passage for guiding, to the atomization portion,
the outside air flowing in from pressure regulation opening
101 formed by the gap between cap body 140 fitted in an
opening portion 133 provided at the top face of flow passage
forming portion 130 and flow passage forming portion 130.
Aerosol transfer flow passage 103 is a flow passage for guid-
ing aerosol generated in the atomization portion to mouth-
piece 150A.

In nebulizer 100 of inhaler 1 in the present embodiment,
inhalation pipe portion 134 is disposed to cover the side of the
atomization portion. Because of such a configuration, of
spray particles generated by impingement on baffle 122,
spray particles having a relatively large particle size come
into contact with the inner circumferential surface of inhala-
tion pipe portion 134 to liquefy and return to reservoir portion
116 on the inner circumferential surface of inhalation pipe
portion 134. On the other hand, spray particles having a
relatively small particle size flow into aerosol transfer flow
passage 103 without liquefying. Therefore, only spray par-
ticles with a fine particle size suitable for inhalation can be
selectively guided to mouthpiece 150A. In particular, when
chemical solution is atomized and inhaled, it is important to
form aerosol including spray particles with a particle size
suitable for treatment, and employment of the configuration
as described above is meaningful.

As described above, mouthpiece 150A is attached to con-
nection portion 132 provided on the top face of flow passage
forming body 130, so that aerosol transfer flow passage 103
provided inside case body 110 and lead-out flow passage 104
provided inside mouthpiece 150A communicate with each
other.

Ininhaler 1 configured as described above, the airflow is as
follows, in a case where the user puts mouthpiece 150A into
the mouth to inhale aerosol. When inhaler 1 is operated, the
outside airis introduced into case body 110 by compressor 10
so that aerosol is always generated in the atomization portion.
At atime of inhalation, the user performs an inhalation opera-
tion to take in aerosol whereby a negative pressure is devel-
oped in the internal space of case body 110 through lead-out
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flow passage 104 of mouthpiece 150A. Accordingly, the out-
side air is taken into the inside of case body 110 from pressure
regulation opening 101. The taken-in outside air passes
through introduction flow passage 102 formed inside inhala-
tion pipe portion 134 to the atomization portion. Then, spray
particles are applied in the atomization portion to the outside
air including the outside air introduced by the aforementioned
compressor 10 and the outside air introduced from pressure
regulation opening 101 based on the exhalation operation of
the user, thereby generating aerosol. The generated aerosol
passes through aerosol transfer flow passage 103 to flow into
lead-out flow passage 104 of mouthpiece 150A. The aerosol
flowing into lead-out flow passage 104 is ejected toward the
oral cavity of the user from aerosol lead-out opening 105
based on the inhalation operation of the user. It is noted that
inhaler 1 in the present embodiment is characterized by the
shape of mouthpiece 150A as described later, which effec-
tively prevents leakage of aerosol from exhalation discharge
opening 106 of mouthpiece 150A to the outside at a time of
inhalation.

At a time of exhalation discharge, the user exhales the
breath so that the exhalation is introduced into lead-out flow
passage 104 of mouthpiece 150A. The exhalation introduced
into lead-out flow passage 104 is discharged from exhalation
discharge opening 106 provided at mouthpiece 150A to the
outside. Here, inhaler 1 in the present embodiment is charac-
terized by the shape of mouthpiece 150A as described later, so
that almost all the exhalation introduced into lead-out flow
passage 104 is effectively discharged from exhalation dis-
charge opening 106 to the outside. Therefore, backflow of
exhalation toward aerosol transfer flow passage 103, that is, to
the inside of case body 110 can be prevented.

In addition, in inhaler 1 configured as described above, the
airflow in a case where the user confronts mouthpiece 150A
to inhale aerosol ejected from mouthpiece 150A without put-
ting mouthpiece 150A into the mouth is approximately simi-
lar to the airflow at a time of inhalation in a case where the
above-mentioned user puts mouthpiece 150A into the mouth
for inhalation. However, since a negative pressure is not
developed inside case body 110 by the inhalation operation of
the user, only the compressed air sent from compressor 10
contributes to taking-in of outside air or lead-out of aerosol,
and the action of compressor 10 allows aerosol to be continu-
ously ejected from aerosol lead-out opening 105. Inhaler 1 in
the present embodiment is characterized by the shape of
mouthpiece 150A as described later, so that leakage of aero-
sol from exhalation discharge opening 106 of mouthpiece
150A to the outside can also effectively be prevented in the
usage manner as described above.

FIG. 5 to FIG. 10 are views showing the shape of the
inhaler mouthpiece in the present embodiment. Among these,
FIG. 5 is a perspective view of the inhaler mouthpiece, FIG.
6 is a bottom view as viewed from arrow VI shown in FIG. 5,
and FIG. 7 is a perspective view as viewed from arrow VII
shown in FIG. 5. FIG. 8 is a cross-sectional view taken along
line VIII-VIII shown in FIG. 6 and FIG. 7, and FIG. 9 is a
cross-sectional view taken along line IX-IX show in FIG. 6.
FIG. 10 is a cross-sectional view taken along line X-X shown
in FIG. 7. In the following, the shape of inhaler mouthpiece
150A in the present embodiment will be described with ref-
erence to these figures.

As shown in FIG. 5to FIG. 10, inhaler mouthpiece 150A in
the present embodiment is connected to connection portion
132 of flow passage forming body 130 and is formed of a
tubular member having a lower-side tubular portion 151
extending upward and an upper-side tubular portion 152
extending obliquely forward from lower-side tubular portion
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151. Inside lower-side tubular portion 151, a first flow pas-
sage portion 104A is formed extending upward (in a first
direction 104q). Inside upper-side tubular portion 152, a sec-
ond flow passage portion 104B is formed extending obliquely
upward (in a second direction 1045). In addition, on the inside
of a portion connecting lower-side tubular portion 151 to
upper-side tubular portion 152, a corner flow passage portion
104C is formed connecting first flow passage portion 104A
and second flow passage portion 104B to each other. First
flow passage portion 104A, second flow passage portion
104B and corner flow passage portion 104C constitute lead-
out flow passage 104 for leading out aerosol. It is noted that at
the lower end of lower-side tubular portion 151, an opening is
positioned to bring the aforementioned aerosol transfer flow
passage 103 and first flow passage portion 104A into com-
munication with each other. On the other hand, at the tip end
of upper-side tubular portion 152, aerosol lead-out opening
105 is positioned for leading aerosol to the outside.

At awall defining corner flow passage portion 104C on that
side which crosses the center line of first flow passage portion
104 A of mouthpiece 150A, a curvature portion 153 is posi-
tioned which is formed by forming such a curve that smoothly
joins a wall defining first flow passage portion 104A and a
wall defining second flow passage portion 104B to each other.
This curvature portion 153 has a dome-like shape and is
partially notched at a portion which faces aerosol lead-out
opening 105, thereby forming aerosol outflow opening 155.

A part of curvature portion 153 having a dome-like shape
that defines aerosol outflow opening 155 forms a narrow
portion 154 which reduces the cross section of second flow
passage portion 104B toward aerosol lead-out opening 105.
On the opposite surfaces of upper-side tubular portion 152 at
positions corresponding to a part where narrow portion 154 is
provided, a pair of exhalation discharge openings 106 is
respectively provided. Therefore, narrow portion 154 is posi-
tioned on the inner side than exhalation discharge openings
106 at a part of second flow passage portion 104B in which
exhalation discharge openings 106 are provided.

FIG.11A to FIG. 11C are illustrations showing the airflow
atatime of inhalation in the inhaler mouthpiece in the present
embodiment. FIG. 12 is an illustration showing the airflow at
atime of exhalation discharge in the inhaler mouthpiece in the
present embodiment. Here, FIG. 11A to FIG. 11C respec-
tively show the airflows in cross section, respectively corre-
sponding to FIG. 9, FIG. 8. FIG. 10 as described above, and
FIG. 12 shows the airflow in cross section corresponding to
FIG. 10 as described above. It is noted that any of FIG. 11A to
FIG.11C and FIG. 12 are intended for the case where the user
puts the mouthpiece into the mouth for inhalation. However,
the airflow in the case where the user confronts the mouth-
piece to take in the aerosol ejected from the mouthpiece
without putting the mouthpiece into the mouth is also similar
to that of FIG. 11A to FIG. 11C as described above, and
therefore illustration thereof will not be repeated here. In the
following, with reference to these figures, the airflow in the
inhaler mouthpiece in the present embodiment will be
described.

In mouthpiece 150A configured as described above, the
airflow in the case where the user puts mouthpiece 150A into
the mouth for inhalation is as follows. As shown in FIG. 11A
and FIG. 11B, aerosol flowing from aerosol transfer flow
passage 103 into first flow passage portion 104A of mouth-
piece 150A flows upward and reaches corner flow passage
portion 104C. The aerosol reaching corner flow passage por-
tion 104C flows along dome-like curvature portion 153 and
passes through aerosol outflow opening 155 to reach second
flow passage portion 104B.
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Here, aerosol is smoothly introduced from first flow pas-
sage portion 104 A to second flow passage portion 104B in the
presence of curvature portion 153 so that the flow of aerosol
is not disturbed in corner flow passage portion 104C. Further-
more, aerosol is narrowed down by narrow portion 154 which
is a part of dome-like curvature portion 153 and is collected at
the radially central position of second flow passage portion
104B, as shown in FIG. 11A and FIG. 11C, and in addition, is
collected at that wall surface of second flow passage portion
104B on which curvature portion 153 is formed, as shown in
FIG. 11B. Therefore, at the part positions where exhalation
discharge openings 106 are provided, aerosol passes through
the position further away from exhalation discharge openings
106, and in addition, a negative pressure is produced in the
vicinity of the part where exhalation discharge openings 106
are provided (the part shown by region A in FIG. 11 C), so that
the outside air is introduced from exhalation discharge open-
ings 106 and therefore aerosol is not likely to leak from
exhalation discharge openings, thereby reliably preventing
waste of aerosol. In summary, the pair of exhalation discharge
openings 106 are provided, as shown in these Figures, on the
side walls of the tubular portion 152 that directly defines the
second flow passage portion 104B at positions that are cir-
cumferentially displaced from the wall surface portion at
which the curvature portion 153 is provided, there being
nothing between the pair of exhalation discharge openings
106 to block the flow inside the second flow passage portion
104B because the side walls of the second flow passage
portion on which these exhalation discharge openings 106 are
provided themselves directly defines the passage.

The aerosol flowing into second flow passage portion 104B
spreads out in a fan-like form, as shown in FIG. 11C and
thereafter is led out into the oral cavity of the user from
aerosol lead-out opening 105. In mouthpiece 150A in the
present embodiment, since exhalation discharge openings
106 are provided at positions closer to corner flow passage
portion 104C of mouthpiece 150 A which defines second flow
passage portion 104B, aerosol passes through the part where
exhalation discharge openings 106 are provided, before
spreading out in a fan-like form, thereby reliably preventing
leakage of aerosol.

On the other hand, at a time of exhalation discharge, exha-
lation introduced to second flow passage portion 104B of
mouthpiece 150A by the user exhaling the breath is dis-
charged from exhalation discharge openings 106 provided in
second flow passage portion 104B to the outside, as shown in
FIG. 12. Here, aerosol tends to flow in second flow passage
portion 104B from aerosol outflow opening 155 because of
the feeding pressure of compressor 10, but there is no fear that
aerosol leaks out from exhalation discharge openings 106
since the flowing pressure of exhalation is usually larger.

In addition, since a large part of exhalation is discharged
from exhalation discharge openings 106 without flowing into
first flow passage portion 104A through aerosol outflow
opening 155, no exhalation flows into the interior space of
case body 110 and thus no aerosol leaks out from pressure
regulation opening 101. In particular, in inhaler 1 in the
present embodiment, at the part where pressure regulation
opening 101 is formed (that is, the gap portion between the
outer circumferential surface of cap body 140 and the inner
circumferential surface of flow passage forming body 130),
the cross section of introduction flow passage 102 for outside
air is reduced as compared with the other parts and, in addi-
tion, the flow passage is bent, so that introduction flow pas-
sage 102 for the outside air is complicated at this part to
increase the flow resistance, thereby reliably preventing leak-
age of aerosol from pressure regulation opening 101.

20

25

30

40

45

55

18

Furthermore, in inhaler 1 configured as described above,
the airflow in the case where the user confronts mouthpiece
150A to inhale aerosol ejected from mouthpiece 150A with-
out putting mouthpiece 150A into the mouth is also approxi-
mately similar to the airflow at the time of inhalation in the
case where the aforementioned user puts mouthpiece 150A
into the mouth for inhalation. However, since a negative pres-
sure is not developed inside case body 110 by the inhalation
operation of the user, only compressed air sent from compres-
sor 10 contributes to taking-in of the outside air and lead-out
of aerosol, and aerosol is continuously ejected from aerosol
lead-out opening 105 by the action of compressor 10. It is
noted that in mouthpiece 150A in the present embodiment,
here, leakage of aerosol is also effectively prevented, which
mechanism is the same as that at a time of inhalation in the
case where the aforementioned user puts mouthpiece 150A
into the mouth for inhalation.

As described above, inhaler 1 and inhaler mouthpiece
150A as in the present embodiment can prevent aerosol from
leaking out from exhalation discharge openings 106, irre-
spective of usage manners. Therefore, even without provision
of an exhalation valve at exhalation discharge opening 106,
the inhalation efficiency can be kept high, thereby reducing
the number of components to drastically improve the oper-
ability at the time of cleaning and disinfection operations. In
addition, the manufacturing costs can be reduced signifi-
cantly. Moreover, there is no particular need for providing a
long narrow portion in a flow passage and no need for pro-
viding a discharge flow passage for exhalation discharge
besides lead-out flow passage 104 for aerosol, so that the
mouthpiece can be reduced in size as compared with the
conventional ones. In addition, exhalation flowing into lead-
out flow passage 104 can effectively be discharged from
exhalation discharge openings 106, so that the necessity to
provide an inhalation valve at pressure regulation opening
101 provided in the aerosol generation portion is reduced,
allowing elimination of an inhalation valve.

Here, in a compressor-type inhaler, the flow rate of aerosol
is relatively low as compared with an ultrasonic-type or ultra-
sonic-mesh-type inhaler. Also in this case, employment of the
configuration described above can reliably prevent leakage of
aerosol, which was confirmed by the present inventors.

FIG. 13 is a cross-sectional view taken along line XIII-XIII
in FIG. 8, of the inhaler mouthpiece in this embodiment as
described above. As shown in FIG. 13, in inhaler mouthpiece
150A in the present embodiment, a pair of exhalation dis-
charge openings 106 is provided at positions between which
a plane 180 including the respective center lines of first flow
passage portion 104 A and second flow passage portion 104B
is sandwiched, that is on the sides. This portion is at a position
circumferentially displaced from that wall surface which
crosses the center line of first flow passage portion 104A (that
wall surface corresponding to a part surrounded by chained
line B1 in FIG. 13), and is a part of a wall surface defining
second flow passage portion 104B (the wall surface corre-
sponding to a part surrounded by chained line B2 in FIG. 13).
In inhaler mouthpiece 150A in the present embodiment, for
the purpose of securing a large opening area of the exhalation
discharge opening in order to discharge exhalation from lead-
out flow passage 104 to the outside more reliably, a pair of
exhalation discharge openings 106 is provided on the side
surfaces of second flow passage portion 104B. However, the
exhalation discharge opening may not necessarily be pro-
vided on the side portion and may be provided at any position
as long as it is provided on the wall surface in the part sur-
rounded by chained line B2 in FIG. 13.
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(Second Embodiment)

FIG. 14 is a perspective view of an inhaler mouthpiece in a
second embodiment of the present invention. FIG. 15 is an
illustration showing an airflow at a time of inhalation in the
inhaler mouthpiece in the present embodiment, and FIG. 16 is
an illustration showing an airflow at a time of exhalation
discharge. In the following, with reference to these figures, a
structure of inhaler mouthpiece 150B in the present embodi-
ment and an airflow formed therein will be described. It is
noted that inhaler mouthpiece 150B in the present embodi-
ment has a closely analogous structure to that of inhaler
mouthpiece 150A in the first embodiment described above,
and therefore in the figures the same parts will be denoted
with the same reference characters and description thereof
will not be repeated here.

As shown in FIG. 14 and FIG. 15, similar to inhaler mouth-
piece 150A in the first embodiment as described above,
inhaler mouthpiece 150B in the present embodiment is
formed of a tubular member having lower-side tubular por-
tion 151 and upper-side tubular portion 152 and has flow
passage portion 104 inside thereof, including first flow pas-
sage portion 104A, second flow passage portion 104B and
corner flow passage portion 104C. Then, at that wall of
mouthpiece 150B defining corner flow passage portion 104C
which crosses the center line of first flow passage portion
104A, curvature portion 153 is positioned which is formed by
forming a curve that joins the wall defining first flow passage
portion 104A and the wall defining second flow passage
portion 104B to each other. In addition, at a position closer to
corner flow passage portion 104C on the lower surface of
mouthpiece 150B which defines second flow passage portion
104B, exhalation discharge opening 106 for discharging
exhalation is provided. It is noted that a narrow portion is not
particularly formed in inhaler mouthpiece 150B in the present
embodiment.

In mouthpiece 150B configured as described above, the
airflow in the case where the user puts mouthpiece 150B into
the mouth to inhale aerosol is as shown in FIG. 15. Specifi-
cally, aerosol flowing in first flow passage portion 104 A flows
upward to reach corner flow passage portion 104C, flows
along curvature portion 153, and thereafter passes through
second flow passage portion 104B to be ejected from aerosol
lead-out opening 105. Here, acrosol is smoothly introduced
from first flow passage portion 104 A to second flow passage
portion 104B in the presence of curvature portion 153, so that
the flow of aerosol is not disturbed in corner flow passage
portion 104C.

Furthermore, since aerosol is collected at that wall surface
of second flow passage portion 104B on which curvature
portion 153 is formed, acrosol passes through a position
further away from exhalation discharge opening 106 in the
part where exhalation discharge opening 106 is provided.
Therefore, a negative pressure is produced in the vicinity of
the part where exhalation discharge opening 106 is provided
(the part shown by region C in FIG. 15), to cause the outside
air to be introduced from exhalation discharge opening 106,
so that it is not likely that aerosol leaks out from exhalation
discharge opening 106 thereby reliably preventing waste of
aerosol.

On the other hand, at a time of exhalation discharge, exha-
lation introduced to second flow passage portion 104B of
mouthpiece 150B by the user exhaling the breath is dis-
charged from exhalation discharge opening 106 provided in
second flow passage portion 104B to the outside, as shown in
FIG. 16. Here, acrosol tends to flow into second flow passage
portion 104B because of the feeding pressure of compressor
10. However, there is no fear that aerosol leaks out from
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exhalation discharge opening 106 since the flowing pressure
of'exhalationis usually larger. In addition, since a large part of
exhalation is discharged from exhalation discharge opening
106 without flowing into first flow passage portion 104 A, no
exhalation flows into the interior space of case body 110 and
therefore no aerosol leaks from pressure regulation opening
101.

Furthermore, in inhaler mouthpiece 150B configured as
described above, the airflow in the case where the user con-
fronts mouthpiece 150B to inhale aerosol ejected from
mouthpiece 150B without putting mouthpiece 150B into the
mouth is also approximately similar to the airflow at the time
of inhalation in the case where the aforementioned user puts
mouthpiece 150B into the mouth for inhalation. However,
since a negative pressure is not developed inside case body
110 by the inhalation operation of the user, only compressed
air sent from compressor 10 contributes to taking-in of the
outside air and lead-out of aerosol so that aerosol is continu-
ously ejected from aerosol lead-out opening 105 by the action
of compressor 10. It is noted that in mouthpiece 150B in the
present embodiment, here, leakage of aerosol is also effec-
tively prevented, which mechanism is the same as that at a
time of inhalation in the case where the aforementioned user
puts mouthpiece 150B into the mouth for inhalation.

As described above, inhaler mouthpiece 150B as in the
present embodiment can prevent aerosol from leaking out
from exhalation discharge opening 106, irrespective of usage
manners. Therefore, even without provision of an exhalation
valve at exhalation discharge opening 106, the inhalation
efficiency can be kept high, thereby reducing the number of
components to drastically improve the operability at the time
of cleaning and disinfection operations. In addition, the
manufacturing costs can be reduced significantly. Moreover,
there is no particular need for providing a narrow portion and
no need for providing a discharge flow passage for exhalation
discharge besides lead-out flow passage 104 for aerosol, so
that the mouthpiece can be reduced in size as compared with
the conventional ones. In addition, exhalation flowing in lead-
out flow passage 104 can effectively be discharged from
exhalation discharge opening 106, so that the necessity to
provide an inhalation valve at pressure regulation opening
101 provided in the aerosol generation portion is reduced,
allowing elimination of an inhalation valve.

(Third Embodiment)

FIG. 17 is a perspective view of an inhaler mouthpiece in a
third embodiment of the present invention, and FIG. 18 is a
cross-sectional view. FIG. 19 is an illustration showing an
airflow at a time of inhalation in the inhaler mouthpiece in the
present embodiment, and FIG. 20 is an illustration showing
an airflow at a time of exhalation discharge. In the following,
with reference to these figures, a structure of inhaler mouth-
piece 150C in the present embodiment and an airflow formed
therein will be described. It is noted that inhaler mouthpiece
150C in the present embodiment has a closely analogous
structure to that of inhaler mouthpiece 150A in the first
embodiment described above, and therefore in the figures the
same parts will be denoted with the same reference characters
and description thereof will not be repeated here.

As shown in FIG. 17 and FIG. 18, similar to inhaler mouth-
piece 150A in the first embodiment as described above,
inhaler mouthpiece 150C in the present embodiment is
formed of a tubular member having lower-side tubular por-
tion 151 and upper-side tubular portion 152 and has flow
passage portion 104 inside thereof, including first flow pas-
sage portion 104 A, second flow passage portion 104B and
corner flow passage portion 104C. However, unlike inhaler
mouthpiece 150A in the first embodiment as described above,
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the part defining corner flow passage portion 104C is not
provided with a curvature portion and has a flexed shape.

At a part closer to corner flow passage portion 104C on the
opposite side surfaces of mouthpiece 150C which defines
second flow passage portion 104B, narrow portions 154
which reduce the cross section of second flow passage portion
104B toward aerosol lead-out opening 105 are provided by
flexing a part of the wall inwardly. A pair of narrow portions
154 is provided on opposite side surfaces of second flow
passage portion 104B so that acrosol outflow opening 155 is
formed at a part closer to the central position of second flow
passage portion 104B. On the opposite side surfaces of upper-
side tubular portion 152 at the positions corresponding to the
parts where narrow portions 154 are provided, exhalation
discharge openings 106 are respectively provided. Narrow
portion 154 is positioned on the inner side than exhalation
discharge openings 106, in the part of second flow passage
portion 104B where exhalation discharge openings 106 are
provided.

In mouthpiece 150C configured as described above, the
airflow in the case where the user puts mouthpiece 150C into
the mouth to inhale aerosol is as shown in FIG. 19. Specifi-
cally, aerosol flowing in first flow passage portion 104 A flows
upward to reach corner flow passage portion 104C, flows into
second flow passage portion 104B, and is thereafter ejected
from aerosol lead-out opening 105.

Here, since aerosol is collected to the upper surface side of
the flow passage wall defining second flow passage portion
104B, aerosol passes through a position further away from
exhalation discharge openings 106 in the part where exhala-
tion discharge opening 106 is provided. Therefore, a negative
pressure is produced in the vicinity of the part where exhala-
tion discharge openings 106 are provided (the part shown by
region A in FIG. 19), to cause the outside air to be introduced
from exhalation discharge opening 106, so that it is not likely
that aerosol leaks out from exhalation discharge opening 106
thereby reliably preventing waste of acrosol.

On the other hand, at a time of exhalation discharge, exha-
lation introduced to second flow passage portion 104B of
mouthpiece 150C by the user exhaling the breath is dis-
charged from exhalation discharge openings 106 provided in
second flow passage portion 104B to the outside, as shown in
FIG. 20. Here, acrosol tends to flow into second flow passage
portion 104B because of the feeding pressure of compressor
10. However, there is no fear that aerosol leaks out from
exhalation discharge openings 106 since the flowing pressure
of'exhalation is usually larger. In addition, since a large part of
exhalation is discharged from exhalation discharge openings
106 without flowing into first flow passage portion 104A
through aerosol outflow opening 155, no exhalation flows
into the interior space of case body 110 and therefore no
aerosol leaks from pressure regulation opening 101.

Furthermore, in inhaler mouthpiece 150C configured as
described above, the airflow in the case where the user con-
fronts mouthpiece 150C to inhale aerosol ejected from
mouthpiece 150C without putting mouthpiece 150C into the
mouth is also approximately similar to the airflow at the time
of inhalation in the case where the aforementioned user puts
mouthpiece 150C into the mouth for inhalation. However,
since a negative pressure is not developed inside case body
110 by the inhalation operation of the user, only compressed
air sent from compressor 10 contributes to taking-in of the
outside air and lead-out of aerosol so that aerosol is continu-
ously ejected from aerosol lead-out opening 105 by the action
of compressor 10. It is noted that in mouthpiece 150C in the
present embodiment, here, leakage of aerosol is also effec-
tively prevented, which mechanism is the same as that at a
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time of inhalation in the case where the aforementioned user
puts mouthpiece 150C into the mouth for inhalation.

As described above, inhaler mouthpiece 150C as in the
present embodiment can prevent aerosol from leaking out
from exhalation discharge opening 106, irrespective of usage
manners. Therefore, even without provision of an exhalation
valve at exhalation discharge openings 106, the inhalation
efficiency can be kept high, thereby reducing the number of
components to drastically improve the operability at the time
of cleaning and disinfection operations. In addition, the
manufacturing costs can be reduced significantly. Moreover,
there is no particular need for providing a long narrow portion
in a flow passage and no need for providing a discharge flow
passage for exhalation discharge besides lead-out flow pas-
sage 104 for aerosol, so that the mouthpiece can be reduced in
size as compared with the conventional ones. In addition,
exhalation flowing into lead-out flow passage 104 can effec-
tively be discharged from exhalation discharge openings 106,
so that the necessity to provide an inhalation valve at pressure
regulation opening 101 provided in the aerosol generation
portion is reduced, allowing elimination of an inhalation
valve.

Although, in the first to third embodiments as described
above, a compressor-type inhaler has been described as an
illustrative example of inhaler, the application of the present
invention is not limited thereto and the present invention may
be applied to an ultrasonic-type inhaler or an ultrasonic-
mesh-type inhaler.

In this manner, the embodiments disclosed herein are illus-
trative in all respects and are not limitative. The technical
scope of the present invention is defined by the claims and
equivalencies to the claims and all modifications within the
scope of the claims are embraced herein.

The invention claimed is:

1. An inhaler comprising an apparatus body and a com-
pressor for sending compressed air and for generating aerosol
inside said apparatus body and supplying the aerosol to out-
side of said apparatus body to allow a user to inhale the
aerosol,

said apparatus body including

an aerosol generation portion including a reservoir portion
storing liquid and an atomization portion atomizing lig-
uid stored in said reservoir portion into spray particles
and applying the atomized spray particles to outside air
introduced into said apparatus body, and

an aerosol lead-out portion;

wherein said aerosol lead-out portion comprises:

a lower tubular portion connected to said aerosol genera-
tion portion, extending in a first direction and defining a
first flow passage portion;

an upper tubular portion with an aerosol lead-out opening
leading aerosol generated in said aerosol generation por-
tion to outside and extending in a second direction dif-
ferent from said first direction and defining a second
flow passage portion; and

a corner flow passage portion, located between the lower
tubular portion and the upper tubular portion, said lower
tubular portion, said upper tubular portion and said cor-
ner flow passage portion together forming a lead-out
flow passage consisting of said first flow passage por-
tion, said second flow passage portion and said corner
flow passage portion for leading aerosol generated in
said aerosol generation portion to outside through said
aerosol lead-out opening without passing through any
valve;

a pair of exhalation discharge openings having no valves in
side walls of said upper tubular portion proximal to said
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corner flow passage portion and mutually facing and
unblocked from each other, and

first and second narrowing walls that reduce the cross sec-

tion of the second flow passage portion, each of the first
and second narrowing walls extending obliquely from
opposing inner side surfaces of the upper tubular portion
proximate the exhalation discharge openings, wherein
the first and second walls each have a first end positioned
on opposite ones of the opposing inner side surfaces and
a second free end, wherein the second free ends of the
first and second walls mutually face and are spaced from
each other to form an aerosol outflow opening in the
second flow passage of reduced cross section than the
second flow passage portion, wherein the first and sec-
ond walls are shaped to direct exhaled air to the exhala-
tion discharge openings.

2. The inhaler according to claim 1, wherein

said aerosol generation portion further includes a pressure

regulation opening for regulating an internal pressure of
said apparatus body, said aerosol generation portion
communicating continuously without passing through
any valve with space outside said aerosol lead out por-
tion, and

apassage at a part extending from said pressure regulation

opening to said atomization portion has its cross section
reduced so that flow resistance is higher at a particular
part than at other parts of the passage, and includes a
labyrinth-like part bent at least once.

3. The inhaler according to claim 1, wherein said aerosol
lead-out portion is removably attached to said aerosol gen-
eration portion.

4. The inhaler according to claim 1, wherein said compres-
sor sends said compressed air by blowing on a baffle provided
in said atomization portion such that said liquid stored in said
reservoir portion is caught up in the blown compressed air and
thereby becomes atomized into spray particles.

5. An inhaler mouthpiece removably attached to an aerosol
generation portion of an inhaler for leading aerosol generated
in said aerosol generation portion to outside, comprising:
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a lower tubular portion connected to said aerosol genera-

tion portion, extending in a first direction and defining a
first flow passage portion;

an upper tubular portion with an aerosol lead-out opening

leading aerosol generated in said aerosol generation por-
tion to outside and extending in a second direction dif-
ferent from said first direction and defining a second
flow passage portion; and

a corner flow passage portion located between the lower

tubular portion and the upper tubular portion, said lower
tubular portion, said upper tubular portion and said cor-
ner flow passage portion together forming a lead-out
flow passage consisting of said first flow passage por-
tion, said second flow passage portion and said corner
flow passage portion for leading aerosol generated in
said aerosol generation portion to outside through said
aerosol lead-out opening without passing through any
valve;

a pair of exhalation discharge openings having no valves in

side walls of said upper tubular portion proximal to said
corner flow passage portion and mutually facing and
unblocked from each other, and

first and second narrowing walls that reduce the cross sec-

tion of the second flow passage portion, each of the first
and second narrowing walls extending obliquely from
opposing inner side surfaces of the upper tubular portion
proximate the exhalation discharge openings, wherein
the first and second walls each have a first end positioned
on opposite ones of the opposing inner side surfaces and
a second free end, wherein the second free ends of the
first and second walls mutually face and are spaced from
each other to form an aerosol outflow opening in the
second flow passage of reduced cross section than the
second flow passage portion, wherein the first and sec-
ond walls are shaped to direct exhaled air to the exhala-
tion discharge openings.
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